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Available online 18 February 2016Tinospora cordifolia, amedicinal plant of economic importance, has very rich diversity and distributed across India
growing in wild. However, for its judicious exploitation through targeted breeding program there is complete
lack of genomic resources which is necessary for its desired utilization. In the present study, we have developed
novel genomic-SSRs (g-SSR) markers, which due to their wider distribution across the genome ﬁnd greater use-
fulness in assessing genetic diversity. For development of g-SSR markers, four microsatellite enriched libraries
[(CT)14, (AC)10, (GT)12 and (AAC)8] were constructed from genomic DNA of T. cordifolia accession (IC-281965)
by using a streptavidin-biotin based enrichment approach. The 536 random recombinant clones from the four
SSR enriched libraries were further veriﬁed by colony PCR for the presence of insert. From such screening, 356
clones were found positive and were subjected to sequencing using Sanger sequencing method. The sequence
analyses revealed that 114 clones (32%)were having SSR repeats. Further analysis, based onmicrosatellite library
enrichment showed that 60% SSR repeats were found in clones from GT enriched libraries followed by 38%, 23%
and 19% in CT, AAC and AC enriched libraries respectively. Altogether 90 SSR sequences were submitted to the
National Center for Biotechnology Information (NCBI) with accession numbers from KT384079 to KT384168.
For diversity study 42 primer pairs were designed and all primers reproducibly ampliﬁed across all accessions
of T. cordifolia. However, when such markers were used in analysis for Tinospora rumphii and Tinospora sinensis,
only 83.3% and 85.7% of the markers were transferred successfully. The alleles generated across 28 accessions of
three Tinospora species were assessed for genetic relatedness and it grouped accessions into threemajor clusters
suggesting sufﬁcient diversity in Tinospora. The g-SSR markers generated in the present study are a valuable
genomic resource for effective utilization in crop improvement of Tinospora germplasm.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Molecular markers1. Introduction
Tinospora cordifolia (Willd.) Miers. is a large, glabrous, deciduous,
climbing shrubwhich belongs to the family Menispermaceae. Tinospora
is an important genera of family Menispermaceae which has about 15
species and a few species are of potential medicinal importance. T.
cordifolia is distributed throughout India. It is a common plant of
deciduous and dry forests, distributed in the tropical regions and
above sea level from Kumaon to Assam, extending through West
Bengal, Bihar, Deccan, Konkan, Karnataka and Kerala. It is also found in
Bangladesh, Sri Lanka and China. (Raghu et al., 2006; Sharma and
Vashistha, 2010; Sinha et al., 2004; Spandana et al., 2013).+91 011 25842495.
. This is an open access article underT. cordifolia has a wide range of medicinal properties and can act as
an immune-modulator (Aher and Wahi, 2010; Kalikar et al., 2008),
anti-oxidant (Desai et al., 2002; Stanely and Menon, 1999), anti-
hyperglycemic (Rajalakshmi et al., 2009), anti-stress agent (Singh
et al., 2003), anti-neoplastic and anti-carcinogenic (Dikshit et al.,
2000), anti-spasmodic, anti-allergic, anti-leprotic (Asthana et al.,
2001), antidote (Nadkarni and Nadkarni, 1976; Zhao et al., 1991), anti-
pyretic and anti-inﬂammatory (Gupta and Viswanathan, 1956;
Jeyachandran et al., 2003), including gastro-intestinal and anti-ulcer ac-
tivities (Bafna and Balaraman, 2005). T. cordifolia is also valuable in the
treatment of anemia, jaundice, normalization of altered liver functions
(Karkal and Bairy, 2007), diabetes, rheumatoid arthritis, gout, cancer,
high cholesterol content (Upadhyay et al., 2010), respiratory tract infec-
tions (Vedavathy and Rao, 1991), cardiac disorders (Rao et al., 2005),
skin diseases (Aiyer and Kolammal, 1963; Raghunathan and Mittra,the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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for ornamental value and is propagated by cuttings. The leaves are also
used as a good fodder for cattle (Singla, 2010).
Despite the reported medicinal importance of T. cordifolia, there is
lack of information pertaining to availability of useful genomic
resources. There are few reports available regarding genetic diversity
and phylogenetic study of Tinospora (Giloe) using isozyme (Kalpesh
and Mohan, 2009), ITS and cpDNA markers (Ahmed et al., 2006,
2009), SCoT markers (Paliwal et al., 2013), RAPD and ISSR markers
(Rana et al., 2012; Rout, 2006; Shinde and Dhalwal, 2010). However,
keeping in view of its reported medicinal importance there is need to
develop more robust molecular markers to better understand the natu-
ral diversity and develop strategies for better utilization of T. cordifolia
germplasm. Microsatellite markers or Simple Sequence Repeats (SSRs)
are used in a wide range of crop genetics and breeding applications,
including genetic diversity assessment, phylogenetic analysis, genotypic
proﬁling and marker-assisted selection. Genomic SSRs (g-SSRs) have
attained more consideration because of their abundance in plant
genome, reproducibility, high level of polymorphism and co-dominant
inheritance. The level of allelic diversity shown at SSR loci in most of
the plants like, rice (Temnykh et al., 2000), Arabidopsis (Bell and Ecker,
1994), barley (Liu et al., 1996), and wheat (Röder et al., 1998) indicates
that SSRs are highly useful for linkage analysis, agronomic trait
selection, germplasm evaluation and varietal identiﬁcation (Powell
et al., 1996).
There are usually two methods used for the development of
microsatellite markers from genomic libraries: (i) selective hybridiza-
tion (Armour et al., 1994; Hamilton et al., 1999; Kandpal et al., 1994;
Karagyozov et al., 1993) and (ii) primer extension enrichment
(Ostrander et al., 1992; Paetkau, 1999). The selective hybridization
method of the microsatellite enrichment technique is a quite effortless,
robust, reproducible and cost-efﬁcient strategy to generate a huge num-
ber ofmicrosatellites from various plant species with superior efﬁciency
(Billotte et al., 2001). Enrichmentmethods based on selective hybridiza-
tion involves capturing microsatellite sequences with biotin-labeled
probes that are either captured by magnetic beads coated with
streptavidin or ﬁxed on nitrate ﬁlter (Edwards et al., 1996; Kandpal
et al., 1994; Kijas et al., 1994). Employing such enrichment methods
based on selective hybridization, SSR enrichments have been conducted
on severalmedicinal plants such as Astragalus mongholicus (Wang et al.,
2013), Paeonia lactiﬂora (Cheng et al., 2011), Smilax brasiliensis (Martins
et al., 2013), Centella asiatica (Rakotondralambo et al., 2012), Aconitum
austrokoreense (Yun et al., 2015), Dysoma pleianta (Guan et al., 2011),
Paris polyphylla (Zheng et al., 2012).
In the present study, we report the development of novel microsat-
ellite markers in T. cordifolia from genomic libraries enriched in (CT)14,
(AC)10, (GT)12 and (AAC)8 repeats by using selective hybridization
method coupled with streptavidin-coated magnetic beads. The efﬁcacy
of newly developed microsatellite markers was subsequently assessed
a) for analyzing genetic diversity among T. cordifolia accessions and
b) to study their transferability in other Tinospora species (Tinospora
rumphii and Tinospora sinensis).
2. Materials and methods
2.1. Plant material and DNA extraction
T. cordifolia (26 accessions), T. rumphii (1 accession) and T. sinensis
(1 accession) were planted and maintained at Issapur farms of NBPGR,
New Delhi (Table 1). The accessions classiﬁed as ‘abundant’, ‘frequent’,
‘common’ and ‘occasional’were based on their availability on a particu-
lar collection site. “Abundant” in general represent occurrence of partic-
ular accession in dominance (more than 80%), “frequent” represents
accession with 50% less than abundant form. Similarly, “common” rep-
resents accessions having a limited number of individuals (10–25%)
compared to the abundant form while ‘occasional’ is indicated bythe presence of only 2–3 individuals of a particular accession. The
distinguishing phenotypic traits of three species undertaken in the
present study were as follows. The T. cordifolia had a creamy white
corky bark with scattered lenticels and broadly cordate glabrous leaves.
In T. rumphii the barks were brownish and ﬂeshy with very prominent
and blunt protuberances and leaves were thin, papery and glabrous.
However, in T. sinensis the barks were smooth and papery and leaves
had a densely velvety petiole. The young leaveswere collected for geno-
mic DNA isolation using modiﬁed CTAB method (Doyle and Doyle,
1990) that included 2% polyvinyl pyrrolidone (PVP) in DNA extraction
buffer for the removal of phenolics. DNA quality was checked on 0.8%
agarose gel and the concentration was estimated by nanodrop method
(Thermo Fisher, USA).
2.2. Construction of microsatellite-enriched library
SSR-enrichedmicrosatellite libraries of T. cordifoliawere constructed
by using the modiﬁed biotin-capture method (Fischer and Bachman,
1998). Approximately 200 ng of genomic DNA of T. cordifolia accession
(IC-281965) was digested with Sau3A1 restriction enzyme (New
England Bio Labs) at 37 °C for 1 h followed by incubation at 65 °C for
20min. The digested product was then ligated to Sau3A1 speciﬁc
sticky-end adaptors [(OligoA: 5′-GGC CAG AGA CCC CAA GCT TC-3′)
and OligoB: PO4-GAT CCG AAG CTT GGG GTC TCT GGC C)] at 4 °C over-
night incubation (Bloor et al., 2001). Size-selection of adaptor ligated
DNA, in 400–1000 bp fragment range, was done on 0.8% agarose gel
and fragments of requisite sizes were subsequently puriﬁed using gel
extraction kit (Invitrogen, Life Technologies). Successful ligation of
adaptors to the digested DNA showed a smear between 400–1000 bp
when a PCR ampliﬁcation was performed by using OligoA as a primer
as described by Bloor et al. (2001).
Microsatellite containing DNA fragments were obtained by hybridi-
zation of adaptor ligated DNA fragment with pre-washed (1×W/B and
2× W/B respectively) streptavidin-coated magnetic beads and 3′-
biotinylated oligo-nucleotides probes [(CT)14, (AC)10, (GT)12 and
(AAC)8] at 60 °C incubation for 30 min with gentle agitation at interval
of 5 min in 6× SSC. After hybridization the magnetic beads were re-
moved as per standard protocol. To increase the quantity of microsatel-
lite enriched DNA, a PCR was performed using Oligo A as a primer
(Bloor et al., 2001). The PCR products were then ligated to TA cloning
Vector (Invitrogen, Life Technologies) for 1 h at 24 °C and the presump-
tive cloned productwere used to transform E. coliDH5α competent cells.
On the basis of X-gal/IPTG selection, random 536 white colonies were
picked and subsequently 356 positive cloneswere selected based on col-
ony PCR by using M13 forward and M13-reverse primer combination.
Plasmids were isolated from positive clones as per protocol of plasmid
isolation kit (Zymo Research, U.S.A.). The cloned fragments were se-
quenced with the M13 Primers (forward: 5′-GTAAAACGACGGCCAGT-
3′) by Sanger di-deoxy method of sequencing.
2.3. SSR ﬁnding and primer designing
After sequencing, the SSR repeatswere searched using the SSRﬁnder
software (http://www.csufresno.edu/ssrﬁnder/) and the SSR primers
were designed based on the sequences ﬂanking themicrosatellites mo-
tifs using the Primer 3.0 software version 0.4.0 (http://bioinfo.ut.ee/
primer3-0.4.0/). Altogether 42 primer pairs were designed with the
expected ampliﬁcation product size ranging from 100-300 base pairs.
2.4. PCR ampliﬁcation and Gel-electrophoresis
PCR ampliﬁcation conditionwas standardized by varyingMgCl2 and
Taq DNA polymerase unit. Temperature of ampliﬁcation (Ta) for each
primer pair was also standardized using gradient PCR.
PCR reaction was performed in the total volume of 10 μl containing
3 μl genomic DNA (10 ng/μl), 1 μl of 10× buffer, 0.8 μl of 25 mM
Table 1
T. cordifolia accessions used for genetic diversity study
S. no. IC number Status District State Frequency/occurrence
1 IC-281970 Wild Outer Delhi Delhi Frequent
2 IC-281966 Wild Central Delhi Delhi Frequent
3 IC-281965 Wild Central Delhi Delhi Frequent
4 IC-281969 Wild West Delhi Delhi Occasional
5 IC-281952 Wild Central Delhi Delhi Frequent
6 IC-281973 Wild West Delhi Delhi Occasional
7 IC-417323 Wild Balrampur Uttar Pradesh Abundant
8 IC-471321 Wild Balrampur Uttar Pradesh Abundant
9 IC-281955 Wild Central Delhi Delhi Occasional
10 IC-417328 Wild Faizabad Uttar Pradesh Abundant
11 IC-281960 Wild Outer Delhi Delhi Occasional
12 IC-281963 Wild Central Delhi Delhi Occasional
13 IC-417327 Wild Basti Uttar Pradesh Abundant
14 IC-281967 Wild West Delhi Delhi Occasional
15 IC-281954 Wild Central Delhi Delhi Abundant
16 IC-281962 Wild North Delhi Delhi Frequent
17 IC-281961 Wild North Delhi Delhi Frequent
18 IC-281972 Wild Outer Delhi Delhi Occasional
19 IC-281968 Wild West Delhi Delhi Frequent
20 IC-281959 Wild West Delhi Delhi Frequent
21 IC-281958 Wild North Delhi Delhi Frequent
22 IC-281957 Wild Central Delhi Delhi Frequent
23 IC-281971 Wild Outer Delhi Delhi Occasional
24 IC-281953 Wild Central Delhi Delhi Frequent
25 KCOP/41 Wild Sirsa Haryana Frequent
26 KCOP/18 Wild Mahendragarh Haryana Occasional
27 KCB/38a Wild North Cachar Hills Assam Common
28 KC/NS/GD-42/14b Wild East Siang Arunachal Pradesh Occasional
IC— Indigenous Collection.
a Tinospora rumphii.
b Tinospora sinensis.
Table 2
Summary of SSR primer development
S. no. Steps Number/ per cent
1 Number of positive clones after transformation 536
2 Number of positive clones selected by colony PCR 356
3 Percentage of positive clones after colony PCR 76%
4 Number of clones sequenced by Sanger Sequencing 356
5 Number of clones having SSR 114
6 Percentage of clones having SSR 32%
7 Number of clones used for primer development 90
120 R. Paliwal et al. / Plant Gene 5 (2016) 118–125MgCl2, 0.3 μl of 10 mM dNTPs, 0.2 μl of each primer (10 nmol), 0.2 μl of
Taq DNA polymerase enzyme (Fermentas, Life Sciences, USA) and 4.3 μl
distilled water. The thermal cycling condition for PCR ampliﬁcation
followed; Initial denaturation at 94 °C for 4 min followed by 36 cycles
of denaturation at 94 °C for 30 s, annealing temperature (standardized
for each primer) for 45 s, extension at 72 °C for 1min and ﬁnal extension
at 72 °C for 10 min. The ampliﬁed PCR products were analyzed on 4%
Metaphor agarose (Lonza, U.S.A.) gel for 4 h at constant supply of
120 V. Gel pictures were recorded using Gel Documentation System
(Alpha Imager®, USA).
2.5. Data scoring and statistical analysis
PCR products were scored visually on all 28 accessions of Tinospora.
Final scoring and data analysis was done with only clearly distinguish-
able and reproducible bands. Since expected product size was between
100–300 bp therefore, bands between the 100–500 bp ranges were
scored for diversity analysis and bands with less than 100 bp and
above 500 bp size were considered non-speciﬁc and were not included
in the analysis. The major allele frequency, gene diversity, heterozygos-
ity and Polymorphic Information Content (PIC) for each locus were cal-
culated for SSR markers using Power Marker 3.5 (Liu and Muse, 2005).
In addition, genetic distances across the accession and neighbour-
joining (NJ) tree were also calculated using Power Marker 3.5 (Liu and
Muse, 2005). Phylogenetic trees for all 28 accessions were constructed
using DARwin software version 5.0 (Perrier and Jacquemoud-Collet,
2006).
3. Results and discussion
3.1. Microsatellite enrichment and TCg-SSR marker development
The microsatellite enriched library was constructed by using
genomic DNA of T. cordifolia accession (IC-281965) digested with
Sau3A1 restriction enzymeandenrichedwith four types of 3′-biotinylatedoligo nucleotides probes [(CT)14, (AC)10, (GT)12 and (AAC)8]. Altogether
536 recombinant clones were randomly selected from the four SSR
enriched libraries and further colony PCR was done to identify the
positive clones (Table 2). From such analyses, 356 positive clones were
identiﬁed that were sequenced subsequently by Sanger sequencing
method. From sequence analyses of entire 356 clones, only 114 clones
(32%) were found to contain SSR repeats (Table 2). Moreover, among
the four probes used for library enrichment, ~60% SSR repeats were
found in GT enriched library followed by 38%, 23% and 19% in CT, AAC
and AC enriched libraries respectively (Table 3). GT enrichment was
more than other repeats which might be speciﬁc to T. cordifolia and this
can be veriﬁed further with the availability of whole genome sequence
of T. cordifolia. Although, maximum number (165) of clones were
sequenced from (CT)14 enriched library, only 63 clones were found to
contain SSR repeats, the overall percent occurrence of SSR repeats
containing clones was always higher in (GT)12 enriched library. In case
of (AC)10 enriched library, among 137 randomly selected clones, 86
were found PCR positive but only 16 clones (19%) were having SSR re-
peats. Thiswas the lowest percentage among the four libraries sequenced
for SSR discovery.
Similar microsatellite enrichment studies have also reported SSR re-
peats with 10 to 22% success rate inmany crop plants such as sugarcane
(Cordeiro et al., 1999; Parida et al., 2009), rice (Chen et al., 1997), wheat
(Pestsova et al., 2000), maize (Sharopova et al., 2002), and sorghum
Table 3
Details of SSR enriched libraries.
Enriched
library
Number of
clones
selected
Number of
clones
sequenced
Number of sequenced
clones with SSR
repeats
Per cent clones
with SSR
repeats
(CT)14 227 165 63 38%
(AC)10 137 86 16 19%
(AAC)8 123 75 17 23%
(GT)12 49 30 18 60%
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found to have SSR repeats (Van de Wiel et al., 1999). Cordeiro et al.
(1999) reported that only 27% of the total microsatellite containing
genomic clones, identiﬁed from the sugarcane enriched library, had
primer designing potential. In a number of other studies the primer de-
signing potential of enriched genomic clones containing microsatellites
varied from 51% in wheat (Pestsova et al., 2000) to 66% in sorghum
(Bhattramakki et al., 2000) and 90% in sugarcane (Parida et al., 2009).
In the present study, 78% enriched genomic clones were found having
primer designing potential which was similar to sorghum and
sugarcane.
The size of SSR positive clones were in the range of 300bp-500bp
after removal of vector sequences. Out of 114 sequences containing
SSR repeats, 90 sequences were submitted to the National Center forTable 4
Details of SSR primers.
Primer ID Forward primer sequence Reverse primer sequence
TCg-SSR-1 GCT GCT GAG ACG AGT TGT TG GCG CAA GAA GAC GGT AAC A
TCg-SSR-2 TAG GGA CAC CAG AGG CAA AT TCA ATG GCA AAC ACT CTT GC
TCg-SSR-3 GCA GTA TGC AGC CAT GAG AA CTG CGG ATG CTG TTA CCT TT
TCg-SSR-4 CCC CAA GCT TCG CTT AAA AT CGC GTG CTT TCT CTC TCT CT
TCg-SSR-5 GCA CGC ACA GAG AGA GAG AG TGT CAA CAA TTC CCA CAT GC
TCg-SSR-6 AGA CCC CAA GCT TCG CTA AT GTC CCT CCC TCT TTC TCT GC
TCg-SSR-7 TGC TCT CTC TCT CTC TCT CTC TCT C AAC AGC CTC TCC TTC GAG GT
TCg-SSR-8 AAG GGT TGT AGC TGC TGG TG CCT CGC ATG AAT ACA CCA AA
TCg-SSR-9 ATC ATC ATC CAA CGG CTC AT GCG CAA GAA GAC GGT AAC A
TCg-SSR-10 TAG GGA CAC CAG AGG CAA AT TCA ATG GCA AAC ACT CTT GC
TCg-SSR-11 TTA GGA AAG TCG CCG AGA AA GCC AAG CTG GTT AGT TGA GG
TCg-SSR-12 CAC AAA CAA CAT TCC CAC CA CAG GGC GCT CTC TCT CTC T
TCg-SSR-13 TGG TGT TCT GCT TCA TTT GG TGG ACG AAA GAC ACT TGC TG
TCg-SSR-14 AGC TTG GAA CCT TGC TGT GT TCG TTC GTG CTA CCA TGA CT
TCg-SSR-15 GGC TCC ATA TGA GGC ACT GT ATC ACC GGC CTG GAA CTC TA
TCg-SSR-16 TCG CAC ACG TCA CAA CAA C ACC GCA CAC TTC GGA TTA AA
TCg-SSR-17 AAT CTT CCG GAA TCC CAA AT TTC GGA TCG AAG AGG AGA AA
TCg-SSR-18 GGA TGG TGT GGA AGG AGA GA TTC GGA TCA AGG ATG GTC TT
TCg-SSR-19 CGC AAT TCC TAC ATC ACT GC GCA ATT CAT GAC AAG GAC GA
TCg-SSR-20 CCC TCA CTC GAT AGC TCC TG AAT ATC CCG AGA TGG GGA AC
TCg-SSR-21 CGG AGC TAA TTT TGC GAG AG GCG TCT CTC GAG CTC TCT GT
TCg-SSR-22 GCG AGA TTG CGT GAG AGA G CAA GAG CAC AGC ACA TCA CC
TCg-SSR-23 CCC AAG CTT CGG ATC AGT TA CCC TCT CTC TCA GCC CTC TA
TCg-SSR-24 TCG GGT CCA TTG GTA ATG AT ATC TCC ACG ATC CTC ACA GG
TCg-SSR-25 GGG CAA TCG AAA ACA GAA CT GCC CCA AGC TTT GGA TCT AT
TCg-SSR-26 CCG ACT CTT GAC GAA TGA CC CTG ACA CCC CTA TTC CCA AT
TCg-SSR-27 CGA CAT CTC CTA CCG AAT GG CAA AGG GCC TTC CTC TCT CT
TCg-SSR-28 TTC GTC ATC CTT TTG TGT GTG CCC TCT CAT CGC TTG TTG TT
TCg-SSR-29 TGC TTG ATG AGC CAG CTT TA ACC AGG TCC CTG GAG TGA TA
TCg-SSR-30 TGC TTG ATG AGC CAG CTT TA GGC TCA ATA TGT TGC CCC TA
TCg-SSR-31 TTT GCT ATT GTT CTG CTC CTA CA TGC AAG CAT TGG AAG AAA GA
TCg-SSR-32 TGC TTG ATG AGC CAG CTT TA TTG CCC CTA GTC TTG TGT CC
TCg-SSR-33 ATG AGT GCA ATC CCC TGT GT AGA ACC TAA GCG CCA ACA GA
TCg-SSR-34 TGC TTG ATG AGC CAG CTT TA TTG CCC CTA GTC TTG TGT CC
TCg-SSR-35 TCC TCC ATT GAC GCT CTT CT GAC CCC AAG ATT CGC TTC TA
TCg-SSR-36 AGA CAC GAA CCA AGG CAC AT TGA AAA TAG ACT TAA GGA AAA AGT TG
TCg-SSR-37 ATG TGC CCC CAT AGT CCA TA TTG GAC CAA ATC TTT CTA AAT CA
TCg-SSR-38 GTG CCC CCA GAT TCA TAC AC CGG GTC AAC AGT CGT ACT CA
TCg-SSR-39 ATG TGC CCC CAT AGT CCA TA CCA AAT CTT TCT AAA TCA TTG AAC A
TCg-SSR-40 AAA CTC GCC CAA CAC ACA C AGC ACA AGT GAA ACA TGG TG
TCg-SSR-41 TGT CTA CCT TGG AAT TTG TGC T TGA TCT CAT GTA CAC CAC ACT TTG
TCg-SSR-42 AAC CCA AAA GGG ATC CTG AC ATG TTC GAG AGA GGG CAC AGBiotechnology Information (NCBI). The genomic sequences having
assigned NCBI accession numbers (KT384079 to KT384168) were
selected to design 42 primer pairs (Table 4).
3.2. Applications of TCg-SSR markers in assessing polymorphic potential,
cross-transferability and genetic diversity
The entire primer pair set of 42 SSR markers, developed from
T. cordifolia genomic libraries, were used to study the genetic diversity
among 26 accessions of T. cordifolia. The reproducible PCR ampliﬁcation
with 42prime pairs across all 26 accessions of T. cordifoliaprimarily con-
ﬁrmed the efﬁcacy of our marker generation strategy.
However,with regard to ampliﬁcation in related species of Tinospora
i.e. T. rumphii, only 35 markers were ampliﬁed and 7markers (TCg-SSR-
6, TCg-SSR-8, TCg-SSR-20, TCg-SSR-28, TCg-SSR-33, and TCg-SSR-40) did
not yield any product. On the other hand, in the case of T. sinensis out
of 42 markers, only 36 were ampliﬁed and 6 markers (TCg-SSR-18,
TCg-SSR-23, TCg-SSR-30, TCg-SSR-36, TCg-SSR-38, TCg-SSR-39) could
not produce an ampliﬁed product. There are several reports where
SSR makers generated from one species have been successfully trans-
ferred to related species. The cross-species transferability rates of
Camellia oleifera SSRs in Camellia chekangoleosa and Camellia japonica
stood at 90.4 and 78.8%, respectively (Jia et al., 2015). Similarly, SSR
markers generated in tea (Camellia sinensis) also showed 100%Repeat motif Expected product size
(bp)
NCBI
sequence
accession ID
[(GTT)3N(GTT)2N(GTT)2(GTT)8N
(GTT)4N(GTT)2N(GTT)2N(GTT)9]
154 KT384079
(AAC)7 212 KT384080
(AGC)2N(AGC)4 180 KT384081
(GT)9N(AG)31 131 KT384084
(AG)36 169 KT384086
(CT)12CA(CT)15 164 KT384087
(CT)29CA(CT)2 178 KT384082
(TG)4T(TG)4 184 KT384089
(GTT)2(GCT)5 200 KT384079
(AAC)21 209 KT384090
(AC)4 230 KT384093
(GA)12 164 KT384094
(GCA)2N(GCA)2N(GCA)3 168 KT384095
(TG)3AT(TG)3 185 KT384096
(AGAG)n 208 KT384097
(GA)25 200 KT384102
(GCTTTTTTGC) 150 KT384103
(T)6C(T)5 169 KT384104
(TTC)3TAT(TTC)4 217 KT384105
(TC)2T(TC)2, (AG)5N(AG)3 201 KT384106
(GA)33 238 KT384108
(GA)7 161 KT384109
(GA)4N(GA)5N(GA)7N(GA)4N(GA)3N(GA)5 186 KT384110
(CT)19 225 KT384112
(GA)30 221 KT384113
(GA)25 178 KT384118
(GA)28AA(GA)5 158 KT384085
(GA)6AA(GA)2GG(GA)3GG(GA)3GG(GA)3 210 KT384098
(GT)40 183 KT384163
(GT)32 164 KT384164
(GT)29 178 KT384162
(GT)29 153 KT384165
(GT)27 250 KT384166
(GT)29 153 KT384167
(GT)3N(GT)N(GTGC)3(GT)7 214 KT384152
A (CA)15 150 KT384153
(GT)14 183 KT384154
(GT)14 238 KT384155
(GT)14 179 KT384156
(CA)12CN(CA)4CG(CA)2CN(CA)5 159 KT384157
(AC)20AT(AC)7TC(AC)17 219 KT384159
(CA)20 164 KT384161
122 R. Paliwal et al. / Plant Gene 5 (2016) 118–125transferability in cultivated Camellia assamica and C. assamica subsp.
Lasiocalyx (Sharma et al., 2011). Cross-Species ampliﬁcation of soybean
(Glycine max) SSRs was found up to 85% in Glycine clandestina (Peakall
et al., 1998). Also, SSR markers developed in peppermint (Mentha
piperita) showed transferability among four different species ofmentha,
with maximum in Mentha arvensis (87.0%) and minimum in Mentha
citrata (37.0%) (Kumar et al., 2015). In our present study, the 83.3%Fig. 1. Gel proﬁle of (a) TCg-SSR-17 with one allele (b) TCg-SSR-12 with fourand 85.7% of cross-species transferability rate of TCg-SSR markers
(originated from T. cordifolia) in T. rumphii and T. sinensis respectively
not only reconﬁrms our approach towards generation of g-SSR markers
but also indicates the usefulness of marker identiﬁcation strategy in
related species.
Among 42 markers used for diversity study, ﬁve markers (TCg-SSR-
4, TCg-SSR-13, TCg-SSR-15, TCg-SSR-17, and TCg-SSR-20) werealleles and (c) TCg-SSR-14 with two alleles on 28 accessions of Tinospora.
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polymorphic (Table 5). The number of alleles ampliﬁed per locus varied
from 1–4, maximum number of allele (Aiyer and Kolammal, 1963) was
ampliﬁed by TCg-SSR-12 (Fig. 1b) whereas, thirty two markers ampli-
ﬁed two alleles per locus (Fig. 1c) and four markers (TCg-SSR-2,
TCg-SSR-5, TCg-SSR-11 and TCg-SSR-21) ampliﬁed three alleles per
locus (Table 5). Altogether 85 alleles were ampliﬁed by 42 markers
with an average 2.02 alleles per locus with 94.2% polymorphism.
Similarly in the case of P. polyphylla (Zheng et al., 2012) a medicinal
plant the number of alleles per locus ranged from 2 to 5. The average al-
lele number per locus close to the present studywas also reported in the
case of jute (2.2 alleles per locus) by Das et al. (2012), groundnut (2.5
alleles per locus) by Gautami et al. (2009) and sunﬂower (2.67 alleles
per locus) by Hvarleva et al. (2007).
The variability at each SSR locus wasmeasured in terms of themajor
allele frequency and it ranged from 0.50–1.00 with mean value 0.708.
Maximum value (1.00) was observed in case of monomorphic markers
(TCg-SSR-4, TCg-SSR-13, TCg-SSR-15, TCg-SSR-17, and TCg-SSR-20)
whereas, minimum value (0.50) was observed in the case of marker
TCg-SSR-29 (Table 5). After excluding the monomorphic markers (for
which gene diversity was zero), the gene diversity ranged from
0.0351–0.5159 with mean value 0.3507. The SSR marker Tcg-SSR-37
showed minimum (0.0351) and TCg-SSR-2 showed maximum gene di-
versity (0.5159). In the present studymean gene diversity was reportedTable 5
Alleles (number, frequency), gene diversity heterozygosity and PIC value of each primers.
Primer ID Ta
(°C)
No. of
alleles
ampliﬁed
Major
allele
frequency
Gene
diversity
Heterozygosity PIC
TCg-SSR-1 53.9 2 0.5893 0.4841 0.8214 0.3669
TCg-SSR-2 55.9 3 0.5179 0.5159 0.9643 0.4000
TCg-SSR-3 50 2 0.8571 0.2449 0.2857 0.2149
TCg-SSR-4 50 1 1.0000 0.0000 0.0000 0.0000
TCg-SSR-5 49 3 0.6250 0.4930 0.7500 0.4018
TCg-SSR-6 55.9 2 0.5741 0.4890 0.7778 0.3695
TCg-SSR-7 50 2 0.6250 0.4688 0.7500 0.3589
TCg-SSR-8 50 2 0.6296 0.4664 0.7407 0.3576
TCg-SSR-9 55.9 2 0.9038 0.1738 0.1923 0.1587
TCg-SSR-10 53.9 2 0.5357 0.4974 0.9286 0.3737
TCg-SSR-11 53 3 0.9643 0.0695 0.0714 0.0683
TCg-SSR-12 52.3 4 0.6429 0.4828 0.6786 0.3967
TCg-SSR-13 58 1 1.0000 0.0000 0.0000 0.0000
TCg-SSR-14 53 2 0.7143 0.4082 0.5714 0.3249
TCg-SSR-15 52 1 1.0000 0.0000 0.0000 0.0000
TCg-SSR-16 52 2 0.7045 0.4163 0.5000 0.3297
TCg-SSR-17 50.6 1 1.0000 0.0000 0.0000 0.0000
TCg-SSR-18 52 2 0.8269 0.2862 0.3462 0.2453
TCg-SSR-19 52 2 0.5893 0.4841 0.6786 0.3669
TCg-SSR-20 58 1 1.0000 0.0000 0.0000 0.0000
TCg-SSR-21 55.9 3 0.9643 0.0695 0.0714 0.0683
TCg-SSR-22 52 2 0.5893 0.4841 0.8214 0.3669
TCg-SSR-23 50. 2 0.5192 0.4993 0.8846 0.3746
TCg-SSR-24 52 2 0.5357 0.4974 0.9286 0.3737
TCg-SSR-25 52 2 0.7917 0.3299 0.3333 0.2755
TCg-SSR-26 53 2 0.8393 0.2698 0.3214 0.2334
TCg-SSR-27 55.9 2 0.5536 0.4943 0.8929 0.3721
TCg-SSR-28 55.9 2 0.6964 0.4228 0.5357 0.3334
TCg-SSR-29 44.9 2 0.5000 0.5000 1.0000 0.3750
TCg-SSR-30 45.9 2 0.5192 0.4993 0.9615 0.3746
TCg-SSR-31 50.9 2 0.8000 0.3200 0.0000 0.2688
TCg-SSR-32 45.9 2 0.5179 0.4994 0.9643 0.3747
TCg-SSR-33 44.9 2 0.5385 0.4970 0.9231 0.3735
TCg-SSR-34 50.9 2 0.9643 0.0689 0.0714 0.0665
TCg-SSR-35 46 2 0.5556 0.4938 0.8889 0.3719
TCg-SSR-36 46 2 0.5185 0.4993 0.9630 0.3747
TCg-SSR-37 46 2 0.9821 0.0351 0.0357 0.0345
TCg-SSR-38 46 2 0.8148 0.3018 0.2222 0.2562
TCg-SSR-39 46 2 0.5833 0.4861 0.8333 0.3680
TCg-SSR-40 46 2 0.5600 0.4928 0.8800 0.3714
TCg-SSR-41 47 2 0.5741 0.4890 0.8519 0.3695
TCg-SSR-42 46 2 0.5185 0.4993 0.9630 0.3747to be 0.3507 which was higher than Drumstick (0.18) reported by
Ganesan et al. (2014). The heterozygosity in the present study ranged
from 0.0357–1.00 with a mean value of 0.557. There are a number of
studies on SSR enrichment including A.mongholicuswhere the observed
heterozygosity ranged from 0.367–1.00 and a mean heterozygosity of
0.52 was reported in melons (Ritschel et al., 2004) which were close
to the values reported in our study. Polymorphic Information Content
(PIC) was also calculated for each marker and in the case of the mono-
morphic marker PIC was zero but for polymorphic markers it ranged
from 0.0345–0.4018. Maximum PIC (0.4018) was reported with TCg-
SSR-5 whereas, minimum PIC (0.0345) was observed with TCg-SSR-37
(Table 5). The mean PIC value in the present study was lower than the
mean PIC value reported in A. mongholicus (0.762) by Wang et al.
(2013), P. lactiﬂora (0.7) by Cheng et al. (2011) and S. brasiliensis (0.7)
by Martins et al. (2013). There were several reports where mean PIC
was reported to be similar or lower than the present study such as in
the case of groundnut where the mean PIC was reported to be 0.25
(Gautami et al., 2009), while in Moringa oleifera PIC was reported to
be 0.15 (Ganesan et al., 2014) whichwas lower than that of the present
study.
All the SSR alleles generated across 28 accessions of the Tinospora
species (26 from T. cordifolia and one each from T. rumphii and
T. sinensis respectively) that were assessed for genetic distance and
the dissimilarity matrix were subsequently used for cluster develop-
ment using the neighbour joining (NJ) method. The range of genetic
distance varied from 0.115–0.628with 0.422 as the mean of the genetic
distance coefﬁcient. Cluster analysis based on SSR data grouped 28 ac-
cessions into threemajor clusters (Fig. 2). In cluster 1 eleven accessions
were grouped whereas, 7 and 10 accessions were grouped in clusters 2
and 3 respectively. Cluster 1 can be further subdivided into two sub
clusters and in cluster 1a six accessions and in cluster 1b ﬁve accessions
were grouped. Similarly cluster 3 also can be subdivided into two sub
clusters and in cluster 3a six accessionswhereas, in cluster3b four acces-
sions were grouped. The absence of region/state speciﬁc grouping of
T. cordifolia accessions collected from three different states/regions of
India (Haryana, Delhi and Uttar Pradesh) suggests that accessions
used for the present study were sufﬁciently genetically diverse. The
two species (T. rumphii and T. sinensis) used in the present study were
grouped with accessions of T. cordifolia in cluster 2. Such grouping of
both species in the same cluster indicates greater diversity among
T. cordifolia accessions and simultaneously it can also be concluded
that T. rumphii and T. sinensis share more similarity with each other
otherwise they would have grouped into different clusters. It was also
observed that T. cordifolia accessions from all three states (Haryana-
KCOP-18, Delhi-IC-281959, IC-281960 and Uttar Pradesh-IC-427323,
IC-471323) were grouped with T. rumphii and T. sinensis in cluster2.4. Conclusion
The present study was conducted to generate TCg-SSR markers in
T. cordifolia frommicrosatellite enriched libraries and to check its efﬁca-
cywith regard to assessing genetic diversity, if any, among accessions of
T. cordifolia as well as its cross-species transferability potential. The
genetic diversity analysis showed that 28 accessions of Tinospora
species (26 accession from T. cordifolia, and one each from T. rumphii
and T. sinensis respectively) were getting distributed in three distinct
clusters with no geographical and species level isolation. However, the
interesting observation of grouping of accessions of T. cordifolia belong-
ing to three different region/states along with T. rumphii and T. sinensis
in cluster 2 shows that accessions of T. cordifolia share genetic similarity
with two other species (T. rumphii and T. sinensis). Additionally, the
grouping of various T. cordifolia accessions in three different clusters,
as analyzed with novel TCg-SSR markers, indicates that T. cordifolia
has potential inherent diversity that can be exploited towards genetic
enhancement and crop breeding program.
Fig. 2. Phylogenetic tree based on 42 SSR marker data.
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